Several parameters have been described by Samuels and his collaborators (1-4) to evaluate cortisol metabolism. On the one hand, they utilize the intravenous administration of cortisol or other steroids for calculating the removal rate, the half-time and the apparent distribution volume of the injected substance. On the other hand, by the intravenous infusion of ACTH they obtain a convex curve of plasma concentrations of cortisol when they are plotted against time; they interpret this curve as being the result of two processes occurring simultaneously: a) a constant (maximal) adrenal production rate, and b) a constant removal of corticosteroids in direct proportion to the concentration at a given moment.
Several parameters have been described by Samuels and his collaborators (1) (2) (3) (4) to evaluate cortisol metabolism. On the one hand, they utilize the intravenous administration of cortisol or other steroids for calculating the removal rate, the half-time and the apparent distribution volume of the injected substance. On the other hand, by the intravenous infusion of ACTH they obtain a convex curve of plasma concentrations of cortisol when they are plotted against time; they interpret this curve as being the result of two processes occurring simultaneously: a) a constant (maximal) adrenal production rate, and b) a constant removal of corticosteroids in direct proportion to the concentration at a given moment.
In order to calculate (maximal) adrenal production of cortisol, Samuels assumes the cortisol removal rate during ACTH infusion to be identical with the removal rate obtained after the intravenous administration of cortisol. This assumption however is at variance with other data from the same author. With the use of labeled cortisol he was able to show that the removal rate is dependent upon the initial cortisol level and that the values obtained with low initial cortisol levels were distinctly higher than the resultant figures after massive cortisol infusion.
In the present study ACTH and cortisol infusions were performed. By using an analog computer for analyzing the obtained data, it was possible to test in a direct way the hypotheses proposed by Samuels and associates. This instrument makes it possible to measure simultaneously the two determining constants of a differential equation. The parameters p and r, as used by Samuels (and also in this paper) are relative rates, p being expressed as micrograms per unit volume of blood per hour, r meaning the percentage diminution in concentration relative to the concentration at the beginning of each consecutive time period (see Calculations).
MATERIALS AND METHODS
Subjects. The studies were performed on a) patients not suffering from endocrine, hepatic or renal diseases and who had previously not undergone treatment with ACTH or corticoids; b) patients with endocrine disorders or patients who had undergone endocrinological treatment; and c) patients with impairment of renal function. All of the subjects were hospitalized and were in the fasting state.
Cortisol disappearance rates and ACTH infusionts.
Cortisol and ACTH infusions were started at 8 a.m. ± 15 minutes (morning experiments), at 8 p.m. ± 15 minutes (evening experiments) and at midnight ± 15 minutes (night experiments). A solution containing 0.02 per cent cortisol, 5 per cent glucose and 2 per cent alcohol was given intravenously over a period of 30 minutes. The total amount of cortisol administered was 1 mg per kg of body weight. Blood was drawn immediately before the infusion, at 30 (end of the infusion), 60, 120, 180, 240 and 300 minutes after the infusion was started. The disappearance rate of free plasma corticoids was calculated from the steroid concentration at these different periods, discarding the 30-minute value.
A dose of 40 or 50 units of ACTH, dissolved in 500 ml of normal saline, was infused over a period of 8 hours. Blood samples were taken just before and at 1, 2, 3, 4, 6 and 8 hours after the beginning of the infusion.
Heparinized blood samples were centrifuged within one hour upon withdrawal. Plasma samples were analyzed the same day blood was taken. All plasma corticoid values reported are the mean of duplicate determinations.
Method of assay. The dichloromethane extractable plasma corticosteroids were determined by a fluorimetric method described in detail elsewhere (5, 6 The calculations were made on the assumption that the biological phenomena could be-represented by the differential equation:
where C =concentration of corticoids expressed as ,ug per 100 ml plasma. p = Production rate of corticoids by the adrenal cortex, expressed as ,ug per 100 ml per hour. It is assumed that this production rate is constant throughout the infusion. r= Removal rate of corticoids expressed as 1: hour. It is also assumed that this removal rate is constant. The concentrations of corticoids were represented by electrical voltages and the biological relations were simulated by electronic means. In this way, a dynamic model of the described phenomenon was built up. The electronic diagram which was used is given in Figure 1 . The constants p and r correspond to continuously variable potentiometer positions. The solution of the differential equation above was recorded with a cathode ray oscillograph. Changing the two potentiometers, p and r were adj usted until the solution of the equation proved to be completely identical with the experimental curve of corticoid concentration in function of time. In order to facilitate the operation, the experimental results were plotted according to an appropriate scale on a transparent paper which was attached to the screen of the oscillograph. The obtained values of p and r are classified according to the time the experiments were performed. From a statistical analysis, using t tests, the Table IV. cases, however, different patterns were observed, as already mentioned in Results. In seven of DISCUSSION them it was evident that production and removal Samuels and collaborators (3, 4) assume that decreased steadily with time and in the remaining the curves of plasma corticoid concentrations cases this possibility could not be excluded. Removal rates and zero time intercepts obtained after intravenous administration of cortisol have been used by other authors (4) for estimating (maximal) production rate during ACTH infusion. However, from the data presented in this study, it appears that this assumption is not valid. By means of the analog computer, production and removal rates could be calculated independently. The removal rates obtained in this way from ACTH infusion data were consistently greater than were the removal rates after cortisol infusion. The difference in the means, although not significant in the morning tests (0.347 versus 0.297), becomes significant for the night tests (0.503 versus 0.242). On the other hand, if one puts removal rates obtained after cortisol infusion into the analog computer, the instrument is not able to find a production rate to cover the experimental ACTH curve.
Removal of cortisol from the plasma can occur through the kidneys, and is usually negligible (10); by extravascular diffusion and binding of the hormone in certain tissues (11) ; and by metabolism and partial destruction of the hormone in the liver (liver removal) (12) . It is not surprising that the removal rate during ACTH stimulation is larger than the removal rate after cortisol infusion if one considers what happens during these tests. After infusion of cortisol (1 mg per kg) there is at first preponderantly an extravascular diffusion. At the end of the infusion, almost 95 per cent of the administered hormone has already disappeared from the plasma compartment. The apparent distribution volume, small initially, has expanded maximally. But after about one hour a steady state has been reached and thereafter a constant removal rate prevails during the following four to six hours. It is generally accepted that at this time liver removal plays a predominant role (4) . A different situation, however, is encountered during ACTH infusion. Here small amounts of cortisol are constantly delivered into the blood stream. Diffusion and liver removal take place simultaneously (13) and the observed "ACTH" removal rate as the result of both processes has to be greater than the removal rate after cortisol infusion.
The results from this study can be compared with those of Perkoff and associates (14) , who also performed ACTH and cortisol infusions at different times of the day (Table V) . As to the diurnal variation in plasma corticoid concentration, the figures obtained from both studies are equal except that the fluorimetric values are about 5 ,ug per 100 ml higher than those obtained by the colorimetric method. In order to compare Perkoff's production and removal values with ours, his data have been recalculated by the analog computer. As can be seen from Table V (Table V) .
In an attempt to explain these differences in removal rate at evening and production rate at midnight, several possibilities may be considered. Difference in sex could eventually be held responsible for the observed phenomena. The data from our study do not exclude this possibility; in fact, all evening and night ACTH experiments were performed on male subjects (Table II) . Figure 3 . From the data presented it appears this ratio is a kind of bioconstant, in which adjustments in production and removal are operating to maintain its value. This ratio also shows a diurnal variation.
SUM MARY
Cortisol and ACTH were administered intravenously to patients suffering from diseases not involving the endocrine system nor from endocrine or renal diseases. Blood was drawn at intervals, and dichloromethane-extractable plasma corticoids were measured by a fluorimetric method. In about two-thirds of the cases it could be shown that the curves of corticoid values were determined by a constant maximal rate of production and maximal rate of removal. However, in 7 out of 92 cases, production and removal did not remain constant but both decreased steadily with time.
Production rate and removal rate could be calculated for each ACTH curve independently from data obtained by cortisol infusion experiments. Removal rate, as calculated from ACTH infusion, was always greater than that measured from cortisol administration.
Changes in production and removal during ACTH infusions at different times of the day have also been investigated. The 
